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A power system for an electric vehicle including a firewall
positioned between an engine compartment and a passenger
compartment of the vehicle. A floor structure of the vehicle
1s coupled with the firewall and defines an aperture between
the firewall and a central support beam of the tloor structure.
A battery assembly 1s configured to mount with an underside
of the floor structure having a battery and a battery connector
housing to house a battery connector. The connector housing
defines an electric connector to couple with an electric
system of the vehicle. The connector housing 1s inserted
within the aperture of the floor structure such that at least a
portion of the battery connector housing extends above the
floor structure. A rigid tunnel 1s coupled with the firewall, the
floor structure, and the central support beam to cover the
portion of the connector housing that extends above the tloor
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PLACEMENT OF BATTERY ELEMENTS IN
TUNNEL

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a non-provisional of U.S. Provisional
Application No. 62/384,298 filed on Sep. 7, 2016, the

complete disclosure of which 1s herein incorporated by
reference.

BACKGROUND OF THE INVENTION

There are many problems unique to electric vehicles,
oftentimes due to the presence of large and/or numerous
batteries used to power the electric motor and other com-
ponents of the vehicle. These batteries are often bulky, and
add significant weight to the vehicles. These considerations
present challenges in designing a particularly eflicient and
practical electrical vehicle. Additionally, these batteries may
be particularly susceptible to damage during a collision.
Damage to a battery may be especially dangerous by pre-
senting a fire and/or corrosive hazard. As such, protecting
the batteries from damage remains a difficult challenge
unique to the field of electric vehicles.

Vehicle manufacturers have added a number of new
structural features to vehicles to improve safety and/or
performance. Many of these structural features are appli-
cable to electric, hybrnid, and non-electric vehicles equally,
while others place a greater emphasis on the vehicle motor
type, such as a vehicle base plate with increased thickness
for protecting an electric car battery over a specific region of
the vehicle. Structural improvements that increase either
safety or performance without a significant compromise of
the other remain important objectives of vehicle manufac-
turers.

Electric vehicles are becoming an increasingly viable
alternative to traditional vehicles with internal combustion
engines. Electric vehicles may have advantages in their
compactness, simplicity of design, and 1n being potentially
more environmentally friendly depending on the means by
which the electricity used in the vehicle was originally
generated. The prospect of using renewable energy sources
to power automobiles 1n place of gasoline has obvious
advantages as o1l reserves across the globe become increas-
ingly depleted.

BRIEF SUMMARY OF THE INVENTION

Embodiments of the present invention relate generally to
a tunnel system extending through a portion of a passenger
compartment of an electric vehicle. The tunnel system may
provide structural rigidity in the event of a front or rear
collision, while also sealing the passenger compartment
from the batteries of the electric vehicle. The tunnel system
may provide both fire and acid resistance to help protect
occupants of the vehicle 1n the event of a collision. Addi-
tionally, the tunnel system allows the batteries to be con-
nected to electrical systems of the vehicle from underneath
the floor structure of the vehicle, allowing the batteries to be
changed out from the exterior of the vehicle.

In one aspect, a power system for an electric vehicle 1s
provided. The power system may include a firewall posi-
tioned between an engine compartment and a passenger
compartment of the electric vehicle. The power system may
also 1include a floor structure of the electric vehicle coupled
with the firewall. The floor structure may define an aperture
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between the firewall and a central support beam of the floor
structure. The power system may also include a battery

assembly configured to mount with an underside of the floor
structure. The battery assembly may include at least one
battery and a battery connector housing. The battery con-
nector housing may be configured to house at least one
battery connector therein. The battery connector housing
may define at least one electric connector configured to
couple with at least one electric system of the electric
vehicle. The battery connector housing may be configured to
be 1inserted within the aperture of the floor structure such that
at least a portion of the battery connector housing extends
above the floor structure. The power system may also
include a rigid tunnel coupled with the firewall, the floor
structure, and the central support beam. The rigid tunnel may
be configured to cover the portion of the battery connector
housing that extends above the floor structure such that the
passenger compartment 1s sealed from the battery connector
housing.

In another aspect, a power system for an electric vehicle
includes a floor structure of the electric vehicle defining an
aperture within a passenger compartment of the electric
vehicle. The power system may also include a battery
assembly configured to mount with an underside of the floor
structure. The battery assembly may be mountable and
removable from an underside of the floor structure without
accessing the passenger compartment. The battery assembly
may include at least one battery and a battery connector
housing. The battery connector housing may be configured
to house at least one battery connector therein. The battery
connector housing may define at least one electric connector
configured to couple with at least one electric system of the
clectric vehicle. The battery connector housing may be
configured to be inserted within the aperture of the floor
structure such that at least a portion of the battery connector
housing extends above the floor structure. The power system
may further include a rigid tunnel coupled with the floor
structure that 1s configured to seal the portion of the battery
connector housing that extends above the floor structure
from the passenger compartment.

In another aspect, a method of 1nstalling a battery assem-
bly 1n an electric vehicle 1s provided. The method may
include positioning a battery assembly against an underside
ol a floor structure such that a battery connector housing 1s
inserted within and extends through an aperture defined by
the tloor structure. The battery connector housing may be
sealed from a passenger compartment of the electric vehicle
by a rigid tunnel. The battery connector housing may extend
from an upper surface of a battery of the battery assembly.
The battery connector housing may define at least one
clectric connector configured to couple with at least one
clectric system of the electric vehicle. The battery assembly
may extend along at least a portion of an underside of the
clectric vehicle. The method may also 1include fastening the
battery assembly to the underside of the floor structure using
a plurality of fasteners and electrically coupling the at least
one e¢lectric system to the at least one electric connector.

BRIEF DESCRIPTION OF THE DRAWINGS

A further understanding of the nature and advantages of
various embodiments may be realized by reference to the
following figures. In the appended figures, similar compo-
nents or features may have the same reference label. Further,
various components of the same type may be distinguished
by following the reference label by a dash and a second label
that distinguishes among the similar components. If only the
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first reference label 1s used in the specification, the descrip-
tion 1s applicable to any one of the similar components
having the same first reference label irrespective of the
second reference label.

FIG. 1 depicts an electric vehicle according to embodi-
ments.

FIG. 2 depicts a top view of a power system of an electric
vehicle according to embodiments.

FIG. 3 depicts an 1sometric view of a tunnel of an electric
vehicle according to embodiments.

FIG. 4 depicts a cross-section view the tunnel of FIG. 3
according to embodiments.

FIG. 5 depicts a front cross-section view of the tunnel of
FIG. 3 according to embodiments.

FIG. 6 depicts a side cross-section view of the firewall of
FIG. 2 an electric vehicle according to embodiments.

FIG. 7 depicts a storage area of an electric vehicle
according to embodiments.

FIG. 8 depicts an air ventilation system of an electric
vehicle according to embodiments.

FI1G. 9 depicts a tunnel of an electric vehicle according to
embodiments.

FIG. 10 1s a flowchart depicting a method for absorbing

a Tfront impact with an electric vehicle according to embodi-
ments.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

The subject matter of embodiments of the present inven-
tion 1s described here with specificity to meet statutory
requirements, but this description i1s not necessarily intended
to limit the scope of the claims. The claimed subject matter
may be embodied 1in other ways, may include diflerent
clements or steps, and may be used 1n conjunction with other
existing or future technologies. This description should not
be interpreted as implying any particular order or arrange-
ment among or between various steps or elements except
when the order of individual steps or arrangement of ele-
ments 1s explicitly described.

The systems and methods described herein relate gener-
ally to improvements for electric vehicles. Due to the size
and weight considerations of the batteries required to power
such vehicles, as well as the need to make electric vehicles
as sale as possible, each component within the electric
vehicles must be designed with particular characteristics in
mind. Specifically, considerations related to the weight and
structural integrity of each component must be weighed to
ensure that the electric vehicles are both eflicient and safe to
operate. For example, the body of the vehicle must be stiff,
cilicient, and lightweight. A lightweight body helps coun-
teract the additional weight of the batteries, which may be in
the form of several large batteries, or numerous (sometimes
thousands) of smaller batteries wired together. The stifl body
helps make the vehicle more stable during cornering and
also helps limit damage to the body and batteries during a
collision. Protection of the batteries during a collision 1s
particular important, as the large number of batteries pose a
significant fire hazard and may also expose passengers and
others to highly corrosive material. Due to this high safety
risk, 1t 1s 1imperative that the body structure be designed to
withstand high force collisions from any direction.

Turning now to FIG. 1, one embodiment of an electric
vehicle 100 1s shown. While shown here as an electric
automobile, electric vehicle 100 may be any motorized
vehicle that 1s powered by electricity. For example, electric
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vehicle 100 may include vehicles such as cars, buses, trains,
trucks, trams, watercraft, aircraft, and/or any other type of
transportation mechanism.

Here, much of the main body 102 of the electric vehicle
100, especially those components designed to form the
skeleton of the vehicle and those components used for
collision protection, are made of aluminum or alloys con-
taining aluminum, although 1t will be appreciated that other
materials may be considered. Aluminum alloys provide
strong, yet lightweight components that help shed weight to
compensate for the high weight of the batteries necessary to
power the electric vehicle. For electric vehicles, an increased
emphasis 1s placed on protection of the batteries as damage
to battery cells can cause explosion and fires within the
vehicle. Such problems are compounded due to the large
amount ol space batteries must occupy within electric
vehicles 1n order to maintain practical driving ranges. There-
fore, vehicle alterations that provide increased protection
along edges and corners of the vehicle battery are advanta-
geous. Such alterations may include considerations related
to, but not limited to providing: (1) increased rigidity of the
vehicle, (2) increased absorption of energy from a collision,
and (3) increased efliciency of transifer of energy/force
stemming from an impact to the vehicle’s body to lessen the
potential impact applied to the vehicle battery and to pas-
sengers 1n the vehicle.

Battery elements 104 (shown in FIG. 2) are positioned
underneath a floor structure 106 of the electric vehicle 100.
Such positioning provides several benefits. First, the battery
clements are isolated from the passenger compartment,
largely by an aluminum (or other metallic material) floor
structure 106, which helps increase passenger safety. The
placement ol the battery elements 104 underneath the
vehicle 100 also allows the battery elements 104 to be
connected to electrical systems of the vehicle 100 from
underneath the floor structure 106. This enables the battery
clements 104 to be changed out from the exterior of the
vehicle 100. For example, the vehicle 100 may be raised up
and the battery elements 104 may be decoupled from the
underside of the vehicle 100. As just one example, a number
of bolts or other fasteners may be removed and the battery
clements 104 may be lowered from the vehicle 100. The
battery elements 104 may be disconnected and new battery
clements 104 may be connected and fastened to the under-
side of the vehicle 100. This allows old batteries to be
replaced easily, and also enables a quick swap of depleted
battery elements 104 for charged battery elements 104,
serving as a method of rapidly charging the vehicle 100 for
longer trips. The placement of the battery elements 104 also
places much of the weight of the vehicle 100 near the
ground, thus lowering the center of gravity of the vehicle
100, which allows the wvehicle 100 to corner better and
reduces the odds of a rollover.

Unlike automobiles that utilize internal combustion
engines and include drivetrains that extend along a length of
the vehicle, electric vehicle 100 1s driven by one or more
clectric motors positioned near the wheel axles. As a result,
there 1s no need for a longitudinal drive train. To help 1solate
a passenger compartment 108 from the battery elements 104
while providing access for connections of the battery ele-
ments 104 to be connected to electric systems within the
passenger compartment 108 and to the one or more electric
motors, the passenger compartment may be provided with a
rigid tunnel 110 protruding upward from a floor structure
106 of the passenger compartment 108. However, unlike 1n
conventional gas-powered vehicles where a tunnel may be
provided to provide clearance for a drivetrain, rigid tunnel
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110 1s included to provide clearance for a portion of the
battery elements 104 used to supply power to the electric
vehicle 100. The nigid tunnel 110 may not only provide a
housing for a portion of the battery assembly, but may serve
a number of other functions. As just one example, the rnigid
tunnel 110 may help absorb and transier force away from
passengers 1n the event of a collision. In such embodiments,
the rigid tunnel 110 may be formed of carbon fiber or
another composite material that 1s extremely strong and
lightweight. In other embodiments, the rigid tunnel 110 may
serve as part of an air ventilation system, with hot or cold air
being vented to the passenger compartment 108 through a
portion of the rigid tunnel 110.

FIG. 2 depicts one embodiment of a power system of the
clectric vehicle 100. The power system may include a
firewall 112 positioned between a motor compartment and a
passenger compartment 108 of the electric vehicle 100. The
firewall 112 may be formed of several components. For
example, the firewall 112 may include a front cross beam
114 having a left portion 116 and a right portion 118
separated by a medial portion 148 extending there between.
The left portion 116 and the right portion 118 may each be
bent rearward relative to the medial portion 148, thus
defining a foot well or other front portion of the passenger
compartment 108. For example, the left portion 116 and the
right portion 118 may be bent backward at an angle of
between about 10 and 40 degrees, more typically between
about 25 and 35 degrees, relative to the medial portion 148.
The front cross beam 114 may have a generally rectangular
cross-section that defines an open interior. In some embodi-
ments, the open interior may include a number of ribs that
extend along a length of the front cross beam 114, as better
shown i FIG. 6. The firewall 112 may also include an
angled portion 122 of the floor structure 106. A horizontal
flat portion 150 of floor structure 106 may be coupled with
and/or extend rearward from the firewall 112. The flat
portion 150 may define an aperture 152 between the firewall
112 and one or more central support beams 132 of the floor
structure 106. The angled portion 122 may be coupled with
a bottom end of the front cross beam 114. Such coupling 1s
turther described in relation to FIG. 6.

In some embodiments, a left longitudinal support beam
124 may be coupled with the left portion 116 and/or the
angled portion 122 of the floor structure 106. A night
longitudinal support beam 126 may be coupled with the
right portion 118 and/or the angled portion 122 of the floor
structure 106. A right front crash beam 128 may be coupled
with the medial portion 148 and/or the right portion 118 and
may be generally orthogonal to a right end of the medial
portion 148. A left front crash beam 130 may be coupled
with the medial portion 148 and/or the left portion 116 and
may be generally orthogonal to a left end of the medial
portion 148. In some embodiments, the crash beams 128 and
130 may be coupled directly with the front cross beam 114,
while 1n other embodiments the crash beams 128 and 130
may be coupled with the front cross beam 114 wvia crash
clements 154.

In some embodiments, the firewall 112 may be coupled
with the rigid tunnel 110, which may extend rearward from
the firewall 112 to one or more central cross beams 132 as
shown 1 FIG. 3. For example, a front edge of the ngid
tunnel 110 may be coupled with a medial portion of the
angled portion 122 and a medial portion of the front cross
beam 114. The front edge of the ngid tunnel 110 may be
open, such that access to the motor compartment may be
provided underneath the rigid tunnel 110. A rear portion of
the rigid tunnel 110 may be coupled with the central cross
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beams 132. For example, a forward most of the central cross
beams 132 may be coupled with an underside of the rigid
tunnel 110, such as within a notch 1n the rigid tunnel 110 that
1s configured to receive the forward most central cross beam
132. The rearmost central cross beam 132 may be configured
to couple with and/or near a rear edge of the ngid tunnel 110.
The central cross beams 132 may extend laterally across a
width of the passenger compartment 108. In some embodi-
ments, a top surface of one or more of the central cross
beams 132 may be configured to be used as mounting points
for the front seats. For example, the top surface of one of
more of the central cross beams 132 may define apertures
that are configured to receive bolts and/or other fastening
mechanisms for coupling seat rails 164 and/or other seat
mounts to the central cross member(s) 132. In some embodi-
ments, seat brackets may be mounted to one or more of the
central cross beams 132. These brackets may then receive
seat rails 164 with which seats may be mounted. Oftentimes,
cach seat will be mounted to two seat rails 164, although 1t
will be appreciated that other numbers of rails 164 may be
used.

In some embodiments, the central cross beams 132 (as
well as other support members secured to the tloor structure
106, as well as the floor structure 106 itself) may be
configured to have the battery assembly 104 mounted
thereon. For example, a lower surface of one or more of the
central cross beams 132 may be configured to receive one or
more removable fastening mechanisms, such as bolts, that
are used to secure the battery assembly 104 to an underside
of the floor structure 106. As just one example, the central
cross beams 132 may be positioned atop the floor structure
106, with the battery element 104 positioned against an
underside of the floor structure 106 (possibly with one or
more intervening layers and/or components between the
battery element 104 and the floor structure. One or more
bolts may extend from an underside of the battery element
104, through the floor structure 106, and into an interior of
one or more of the central cross beams 132. The bolts or
other fasteners may be positioned through apertures in the
battery element 104 and/or a flange of the battery element
104. The central cross beams 132 provide strong mounting,
locations for the battery element 104, allowing the battery
clement 104 to be larger and provide the vehicle 100 with a
longer range.

The central cross beams 132 may also serve to strengthen
the sides of the passenger compartment 108 and to protect
the passenger compartment 108 1n the event of an impact.
The front cross beam 114 (and rest of firewall 112) may be
configured to transfer force from a frontal collision from the
front crash beams 128 and 130 to the one or more central
cross beams 132 wvia the rigid tunnel 110. Additionally or
alternatively, the front cross beam 114 (and rest of firewall
112) may also be configured to transier force from a frontal
collision from the front crash beams 128 and 130 to the left
longitudinal support beam 124 and the right longitudinal
support beam 126.

Battery assembly 104 may be configured to mount with an
underside of the floor structure 106. The battery assembly
104 may include at least one battery 162, but often includes
a large number of batteries ranging from dozens to thou-
sands, depending on the size of each of the batteries. In some
embodiments, the battery 162 includes a number of battery
units arranged 1n two tiers as best seen 1 FIG. 4. For
example, a first tier may extend underneath all or part of the
passenger compartment 108, while a second tier may be
stacked upon a portion of the first tier such that 1t extends
upward at a position rearward of the passenger compartment
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108. In some embodiments, the upper tier of the battery
assembly 104 may be positioned rearward of a rear cross
beam 204. Rear cross beam 204 may extend across a width
of the passenger compartment 108. The rear cross beam 204
may be configured to recerve one or more fasteners config-
ured to secure the battery assembly 104 to the underside of
the vehicle 100. In some embodiments, the rear cross beam
204 may also be used to mount one or more rear seats within
the passenger compartment 108.

The battery assembly 104 may also include a battery
connector housing 156. The battery connector housing 156
may be configured to house at least one battery connector
therein. The battery connector housing 156 may define at
least one electric connector configured to couple with at
least one electric system of the electric vehicle 100, such as
the electric motor. The battery connector housing 156 may
be configured to be mserted within the aperture 152 of the
floor structure 106 such that at least a portion of the battery
connector housing 156 extends above a top surface of the
floor structure 106. This allows the electric connectors to be
accessible through a front opening of the rigid tunnel 110,
enabling the battery element 104 to be electrically coupled
to both the motor and the other electrical systems of the
vehicle 100. Battery assembly 104 may be secured to the
underside of the tloor structure 106 using fasteners acces-
sible from the underside of the floor structure 106 such that
the battery assembly 104 1s removable from the electric
vehicle 100 without accessing the passenger compartment
108. These fasteners may be spaced apart along the under-
side of the vehicle 100 at the floor structure 106, central
cross beams 132, a subfloor cross beam 144, and/or other
structural elements, with a spacing and number of fasteners
being determined by a weight, size, and/or shape of the
battery element 104.

Rigid tunnel 110 may be coupled with the firewall 112,
such as at a rear surface of the firewall 112. The rigid tunnel
110 may also be coupled with the tloor structure 106 and the
central support beams 132. The rnigid tunnel 110 may be
configured to cover the portion of the battery connector
housing 156 that extends above the floor structure 106 such
that the passenger compartment 108 1s sealed from the
battery connector housing 156. In some embodiments, the
rigid tunnel 110 has a cross sectional profile that generally
matches a profile of the battery connector housing 156 as
shown 1 FIG. 5. As seen here, the rigid tunnel 110 may
include extra space above the battery connector housing
156. In such embodiments, the extra space may be used to
for additional features. For example, in one embodiment, the
extra space may be used to provide a conduit for the air
conditioner and heating system. In some embodiments, the
floor structure 106 includes a sealing element (not shown)
protruding upward and contacting an inner surface of the
rigid tunnel 110 between the battery connector housing 156
and the central support beams 132. The sealing element may
have a shape corresponding to the rigid tunnel 110. This
sealing element may further isulate the passenger compart-
ment 108 from the battery element 104, especially as the
profile of the rigid tunnel 110 decreases 1n size at rearward
portions.

In some embodiments, the rigid tunnel 110 may be
designed to transier frontal impact away from occupants of
the vehicle 100. For example, the rigid tunnel 110 may be
coupled with a rear surface of the front cross beam 114 and
a top surface of the angled medial section 142 of the floor
structure 106. Frontal impact forces recerved by the firewall
112 may be transferred through the rigid tunnel 110, which
may transmit the forces to one or more central crossbeams
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132 positioned rearward of the firewall 112. Such diversion
of forces may ensure that a maximum amount of force is
directed around occupants of the vehicle 100. To provide the
strength necessary to transier the impact forces while lim-
iting the amount of weight added, the rigid tunnel 110 may
be formed from carbon fiber.

Because the battery element 104 1s positioned under the
rigid tunnel 110, to ensure maximum safety of the passenger
compartment 108, 1t may be desirable to include an acid
resistant and/or flame resistant material to the rigid tunnel
110 to 1ncrease protection of the passenger compartment 108
in the event of battery damage, which may result in exposure
to battery acid or tlames. For example, the rigid tunnel 110
may be formed from materials with strong resistance to
flame and/or acid. In other embodiments, one or more
surfaces of the rigid tunnel 110 may be coated with an acid
resistant and/or flame resistant material. In particular, a
lower surface of the rigid tunnel 110 may be coated to
protect against direct exposure to a damaged battery. In other
embodiments, a separate acid and/or fire resistant material
may be coupled with an underside of the rigid tunnel 110.
Additionally, due to the rigid tunnel 110 being configured to
cover a hole i1n the floor structure 106 that enables the
connector 1358 to extend upward above the floor structure
106, the rigid tunnel 110 may include thermal insulation
and/or acoustic insulation, as such insulation may not be
included on the battery element 104. This allows road noise,
as well as thermal eflects from the environment and/or the
battery element 104 to be reduced within the passenger
compartment 108.

FIG. 6 shows a cross-sectional view of the firewall 112 of
FIG. 2. As shown here, firewall 112 1s formed from the
junction of the front cross beam 114 and the angled portion
122 of the floor structure 106. As noted above, the firewall
112 defines a front portion of the passenger compartment
108, such as a passenger and/or driver foot well and sepa-
rates the passenger compartment 108 from a motor com-
partment of the electric vehicle 100. As shown here, the
firewall 112 includes front cross beam 114 having leit
portion 116, right portion, 118, and medial portion 148
extending between the lett portion 116 and right portion 118,
which may be bent rearward relative to the medial portion
148. Front cross beam 114 may define an mterior including
a number of ribs 134 that extend along a length of the front
cross beam 114. For example, at least two ribs 134 may
extend from a front wall of the front cross beam 114 to a rear
wall of the front cross beam 114. The front cross beam 114
may have a generally rectangular cross-section. The ribs 134
may be positioned at regular intervals as shown here, or may
be spaced at wrregular intervals. Here, two ribs 134 are
spaced equidistant from one another and the top and bottom
of the front cross beam 114, forming three rectangular
chambers within the front cross beam 114. The use of ribs
134 helps stiffen and strengthen the front cross beam 114
without adding a substantial amount of material or weight,
thereby allowing the front cross beam 114 to handle larger
impact forces in the event of a collision.

The firewall 112 may also include floor structure 106.
Specifically, floor structure 106 may include an angled
portion 122 that angles upward from a base 136 of the floor
structure 106 to form a portion of a front foot well of the
passenger compartment 108. This angled portion 122 may
be coupled with a bottom end of the front cross beam 114.
For example, the angled portion 122 may include at least one
upper flange or mounting interface 138 that i1s generally
aligned with a vertical axis of the firewall 112. The upper
flanges 138 may be coupled with a bottom end of the front
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cross beam 114. For example, a front upper flange 138 may
be secured against a front surface of the front cross beam 114
and a rear upper flange 138 may be secured against a rear
surface of the front cross beam 114 such that the front cross
beam 114 1s secured between the front upper flange 138 and
the rear upper flange 138. For example, the front cross beam
114 may be inserted between the upper flanges 138 and
secured using one or more fasteners. The angled portion 122
may also include at least one lower flange or mounting
interface 140 that 1s separated from the upper tflange 138 by
an angled medial section 142 that slopes downward from
front to back. The lower mounting interface 140 may include
a front lower tlange 140 configured to be fastened against a
front surface of a subfloor cross beam 144 and a rear lower
flange 140 configured to be fastened against a top surface of
the subfloor cross beam 144.

In some embodiments, the angled medial section 142 of
the floor structure 106 includes one or more embossed
features formed 1n a top surface and/or a bottom surface of
the angled medial section 142. The angled medial section
142 may also include a number of ribs (not shown) extend-
ing from a top surface to a bottom surface of the angled
medial section 142. The ribs and/or embossed features may
serve to further strengthen the floor structure 106 without
adding substantial material and weight. The lower flange
140 may be generally aligned with a horizontal axis of the
firewall 112. The firewall 112 may also include subfloor
cross beam 144 positioned underneath the floor structure
106 and coupled with the lower flange 140 such that the
subfloor cross beam 144 1s spaced laterally rearward of the
medial portion 184 of the front cross beam 114. The subfloor
cross beam 144 may define an interior that includes at least
one rib 146 extending along a length of the subfloor cross
beam 144. In some embodiments, rib 146 may extend
between a front corner and a rear corner of the subfloor cross
beam 144. For example, the r1ib 146 may extend from a front
lower corner of the subfloor cross beam 144 to a rear upper
corner of the subfloor cross beam 144. This rib 146 helps
stiflen and strengthen the subfloor cross beam 144 without
adding a substantial amount of material or weight. In some
embodiments, the subfloor cross beam 144 may receive one
or more fasteners for coupling the battery assembly 104 to
the underside of the vehicle 100.

Oftentimes, the firewall 112 may be formed entirely from
aluminum. For example, the front cross beam 114 and the
subfloor cross beam 144 may be formed of extruded alumi-
num, which makes it easier to form any ribs integral with the
beams to ensure maximum strength. In some embodiments,
the angled portion 122 of the floor structure 106 (and the
floor structure 106 1itself) may be formed from cast or
pressed aluminum. Such formation 1s more suited for pro-
ducing the embossed features within surfaces of the floor
structure 106 that increase the strength and/or stiffen the
floor structure 106.

In some embodiments, a front surface of the firewall 112
1s coupled with one or more front crash beams 128 and 130.
In some embodiments, the firewall 112 may be directly
coupled to the front crash beams 128 and 130, while 1n other
embodiments, one or more components, such as a crash
clement 154, may be coupled between the front crash beams
128 and 130 and the firewall 112. In the event of a frontal
impact, the firewall 112 may be configured to receive and
absorb a force transferred from the front crash beams 128
and 148. The firewall 112 may also be configured to direct
force away from passengers, such as by directing the force
around the front seats to structural components designed to
handle impact forces. For example, as described with regard
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to FIG. 2, ends of the firewall 112 may be coupled with
longitudinal support beams 124 and 126 that extend along
sides of the vehicle 100. Impact forces may be transierred to
these longitudinal support beams 124 and 126 to direct the
main forces around the passenger compartment 108 to
protect occupants in the event of a collision. The firewall 112
may also be coupled with the rigid tunnel 110. For example,
the ngid tunnel 110 may be coupled with a rear surface of
the front cross beam 114 and a top surface of the angled
medial section 142 of the floor structure 106. Frontal impact
forces recerved by the firewall 112 may be transferred
through the rigid tunnel 110, which may transmit the forces
to one or more central crossbeams (not shown) positioned
rearward of the firewall 112. Such diversion of forces may
ensure that a maximum amount of force 1s directed around
occupants of the vehicle 100.

FIG. 7 depicts a storage area of the electric vehicle 100.
The storage areca may include the rigid tunnel 110 that
positioned within passenger compartment 108. Rigid tunnel
110 may be coupled with a firewall 112 that 1s configured to
separate the passenger compartment 108 from a motor
compartment of the vehicle 100. For example, the rigid
tunnel 110 may be coupled at a rear surface of the firewall
112. The nigid tunnel 110 may also be coupled with the floor
structure 106 and one or more central support beams (not
shown). The rngid tunnel 110 may be configured to cover a
portion of the battery assembly 104 that extends above the
floor structure 106 such that the passenger compartment 108
1s sealed from the battery assembly 104. In some embodi-
ments, the rigid tunnel 110 has a cross sectional profile that
generally matches a profile of the portion of the battery
assembly 104 extending beyond the floor structure 106. In
some embodiments, a front section of the rnigid tunnel 110
projects higher into the passenger compartment 108 than a
rear section of the rigid tunnel 110.

The storage area may also include a center console 166
positioned within the passenger compartment 108. The
center console may include a front portion 176 that is
coupled with the front section of the rigid tunnel 110 at a
position near the firewall 112. Center console 166 may also
include a rear portion 178 that 1s coupled with the rear
section of the rigid tunnel 110. A medial portion 184 may
extend between the front portion 176 and the rear portion
178. The medial portion 184 may be relatively thin, such that
the medial portion 184 1s suspended a distance above the
rigid tunnel 110. The thickness of the medial portion 184 1s
less than a thickness of each of the front portion 176 and the
rear portion 178.

In some embodiments, a top surface of the medial portion
184 defines a storage tray 188 and at least two cup holders
190. In some cases, a thickness of the medial portion 184
may be slightly thicker than a depth of the cup holders 190.
A space 194 between the top surface of the rigid tunnel 110
and a bottom surface of the medial portion 184 may define
the storage area. In some embodiments, the space 194 may
be positioned under the cup holders 190.

In some embodiments, space 194 may be open both from
the passenger side and the driver side. One or more drawers
198 may be provided that open into the space 194. For
example, a driver side drawer 198 and a passenger side
drawer 198 may be positioned beneath the front portion 176
of the center console and function as additional glove boxes
or other storage areas. In some embodiments, the one or
more drawers 198 may be lockable. In some embodiments,
the drawers 198 and/or rest of space 194 may include one or
more lights. In some embodiments, the space 194 may
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include charging or data ports, such as universal serial port
(USB) ports, AC adapters, auxiliary connections, and the
like.

In some embodiments, space 194 may be a closed area
contained between walls and/or doors extending between the
medial portion 184, front portion 176, rear portion 178, and
rigid tunnel 110. Space 194 may be accessible from one side
only, or from both a driver side and a passenger side. In some
embodiments, the storage area includes at least one door for
controlling access to the space. The door may be positioned
on the passenger side and/or the driver side of the storage
area. In other embodiments, access to the space 194 may be
gained from a top surface of the center console 166. For
example, the top surface of the center console 166 may
define an aperture configured to provide access to the space
194. The aperture may be covered by a door or other
removable cover. In some embodiments, the door 1s lockable
to provide a secure area to protect valuables and keep them
out of sight when the vehicle 100 1s unattended. In some
embodiments, rather than having one or more doors or
closed walls, the space 194 may define an open shelf that
provides quick access to items such as maps, sunglasses,
loose change, and the like.

FIG. 8 depicts an 1sometric view of a rear passenger
seating area air ventilation system of the electric vehicle
100. The ventilation system may be formed from the rngid
tunnel 110 positioned within the passenger compartment
108 of the electric vehicle 100. As noted above, the primary
function of the rigid tunnel 110 may be to cover a portion of
a battery assembly or other battery element 104 that extends
above a floor structure 106 of the electric vehicle 100 such
that the passenger compartment 108 i1s sealed from the
battery assembly 104. The rigid tunnel 110 may also provide
a pathway for air from one or more air supply systems 172
to be delivered to a rear of the passenger compartment 108.
For example, the air supply system 172 may include an air
conditioner and/or heater system. The air may be delivered
to one or more air vents 174, which may then direct the air
to one or more areas in the rear of the passenger compart-
ment 108.

As shown, the rigid tunnel 110 defines a forward opening
168 and a rear opening 180 connected by a conduit 182
extending along at least a portion of a length of the ngid
tunnel 110. The conduit 182 may be disposed within an
interior of the rigid tunnel 110. In some embodiments, the
conduit 182 may be formed as a part of the rigid tunnel 110,
while 1 other embodiments, the conduit 182 may be a
separately formed component that may be coupled within
the mterior of the ngid tunnel 110. As just one example, both
the rigid tunnel 110 and the conduit 182 may be formed of
carbon fiber or another composite material. In other embodi-
ments, one or both of the components may be formed of
different materials. For example, the conduit 182 may be
formed from aluminum, such as pressed aluminum. In some
embodiments, the conduit 182 may extend along an upper
surface of the rnigid tunnel 110. For example, the conduit 182
may direct air from the air supply system 172 downward
from a front of the rigid tunnel 110 to a lower rear of the
rigid tunnel 110 to match a downward slope of the rnigid
tunnel 110. The conduit 182 may be positioned above a
connector 156 of the battery element 104.

Because the battery element 104 1s positioned under both
the conduit 182 and the rigid tunnel 110, to ensure maximum
safety of the passenger compartment 108, 1t may be desir-
able to include an acid resistant and/or flame resistant
material to one or both of the components to increase
protection of the passenger compartment 108 1n the event of
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battery damage, which may result 1n exposure to battery acid
or flames. For example, the rigid tunnel 110 and/or conduit
182 may be formed from materials with strong resistance to
flame and/or acid. In other embodiments, one or more
surfaces of the rigid tunnel 110 and/or conduit 182 may be
coated with an acid resistant and/or flame resistant material.
In particular, a lower surface of the rigid tunnel 110 and/or
the conduit 182 may be coated to protect against direct
exposure to a damaged battery. In other embodiments, a
separate acid and/or fire resistant material may be coupled
with an underside of the rigid tunnel 110 and/or conduit 182.
Additionally, due to the rigid tunnel 110 being configured to
cover a hole in the floor structure 106 that enables the
connector 156 to extend upward above the floor structure
106, one or both of the rigid tunnel 110 and the conduit 182
may include thermal 1nsulation and/or acoustic insulation, as
such insulation may not be included on the battery element
104. This allows road noise, as well as thermal effects from
the environment and/or the battery element 104 to be
reduced within the passenger compartment 108.

The air supply system 172 may include a port 196 that
interfaces with the forward opening 168 to deliver air to the
conduit 182. The air may pass through the conduit 182 and
through the rear opening 180 and into the air vents 174 for
delivery to a rear seating area of the passenger compartment
108. The air vents 174 may be positioned such that the air
from the air supply 172 may be delivered to specific loca-
tions within the rear of the passenger compartment 108. For
example, the air vents 174 may be configured to deliver the
air to a height near the floor structure 106, such as by
positioning at least some of the air vents under a front seat
ol the electric vehicle 100 such that the air 1s directed to a
low position. In some embodiments, the air vents 174 may
be configured to deliver the air approximately near a rear
seat height. For example, at least some of the air vents 174
may be positioned within the center console 186 and/or
within a front seat back such that the air 1s delivered to a seat
and/or torso height of the rear of the passenger compartment
108.

In some embodiments, such as those where multiple air
vents 174 are provided 1n different locations of the rear of
the passenger compartment 108, a manifold 200 may be
coupled between the rear opening 180 and the air vents 174
and configured to direct the air from the conduit 182 nto the
air vents 174. In some embodiments, the mamiold 200 may
include a first set of air flow pipes 202 configured to direct
air from the conduit 182 downward and/or outward to lower
air vents 174. For example, for air vents 174 positioned
under a front seat of the electric vehicle 100, the air flow
pipes 202 may direct the air laterally outward from the
conduit 182 and downward to a position proximate the floor
structure 106. For air vents 174 positioned 1n a lower portion
of the center console 186, the air tlow pipes 202 may direct
the air rearward. Air flow pipes 202 may be configured to
direct air from the conduit upward and/or outward to upper
air vents 174. For example, for air vents 174 positioned
within front seat backs, the air flow pipes 202 may direct air
both laterally outward to the front seats and upward to a
height proximate the rear seat surfaces. For air vents 174
within an upper portion of the center console 186, the air
flow pipes 202 may direct the air upward from the rear
opening 180 of the conduit 182 to a desired height.

FIG. 9 depicts an alternative embodiment of a rngid tunnel
910. Here, ngid tunnel 910 extends only to a forward most
central cross beam 932. The forward most central cross
beam 932 has a side profile defined by a front side 934, a rear
side 936, a top side 938, and a bottom side 940. In some
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embodiments, the front side 934 and the rear side 936 may
not be parallel. For example, the front side 934 may be
angled forward and downward from the top side 938. A rear
end of the rigid tunnel 910 may be coupled with the top side
938 and/or the front side 934 of the forward most central
cross beam 932. The rigid tunnel 910 may include a flange
912 that couples with the top side 938 and/or the front side
934 of the forward most central cross beam 932. In some
embodiments, the forward most central cross beam 932 may
define an interior that includes a plurality of ribs 942. The
ribs 942 extend vertically between the top side 938 and the
bottom side 940. Here, two ribs are disposed within the
interior such that two rectangular chambers and a trapezoi-
dal chamber are formed. Additional horizontal ribs 944 may
be provided within the chambers. For example, each of the
chambers may include at least one rib 944 that divides the
chamber mto multiple sections. Ribs 944 provide additional
strength and rigidity to the vertical ribs 942. The use of ribs
942 and 944 help stiffen and strengthen the forward most
central cross beam 932 without adding a substantial amount
of material or weight, thereby allowing the forward most
central cross beam 932 to handle larger impact forces 1n the
event of a collision.

The rearmost central cross beam 946 may have a profile
defined by a front side 948, a first top side 950, an 1inter-
mediate wall 952, a second top side 954, a rear side 956, and
a bottom side 958. The profile may be shaped such that a
forward portion of the rearmost central cross beam 946 is
larger than a rear portion of the rearmost central cross beam
946. In some embodiments, one or both of the first top side
950 and the second top side 954 may be sloped downward
from front to back. The sloped surface may be configured to
rece1ve one or more brackets on which seats and/or seat rails
may be mounted. In some embodiments, the sides of the
rearmost central cross beam 946 define an open interior. A
plurality of ribs 960 may extend within the open interior. The
ribs 960 extend vertically between the second top side 954
and the bottom side 958. Here, two ribs are disposed within
the interior, with a forward nb being in line with the
intermediate wall 952. An additional horizontal rib 962 may
be provided within the interior. For example, a horizontal rib
962 may extend mto a forward portion of the rearmost
central cross beam 946 1n line with the second top side 954.
The use of rnbs 960 and 962 help stifien and strengthen the
rearmost central cross beam 946 without adding a substan-
tial amount of material or weight, thereby allowing the
rearmost central cross beam 946 to handle larger impact
forces 1n the event of a collision.

FIG. 10 1s a flowchart of a process 1000 of installing a
battery assembly 1n an electric vehicle. Process 1000 may be
done using the electric vehicle 100 described herein. Process
1000 may begin by positioning a battery assembly against an
underside of a floor structure of an electric vehicle at block
1002. This may involve inserting a battery connector hous-
ing within an aperture defined by the tloor structure such that
the battery connector housing extends through the aperture.
In some embodiments, the aperture 1s positioned between a
firewall and a central support beam of the electric vehicle.
The firewall may be positioned between an engine compart-
ment and the passenger compartment of the electric vehicle.
The battery connector housing may be sealed from a pas-
senger compartment of the electric vehicle by a rigid tunnel.
For example, rigid tunnel 110 described above may be used
to seal the passenger compartment from the battery connec-
tor housing (and the rest of the battery assembly). In some
embodiments, the rigid tunnel extends between the firewall
and the central support. The rigid tunnel may include one or
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more of a fire resistant material, an acid resistant material, an
acoustic insulator, and a thermal 1nsulator to help protect the
passenger compartment from harm in the event of battery
damage.

The battery connector housing may extend from an upper
surface of a battery of the battery assembly. The battery
connector housing may define at least one electric connector
configured to couple with at least one electric system of the
clectric vehicle. The battery assembly extends along at least
a portion of an underside of the electric vehicle. At block
1004, the battery assembly 1s fastened to the underside of the
floor structure using a plurality of fasteners. For example,
bolts may be 1nserted within apertures defined by the battery
assembly and may be tightened to secure the battery assem-
bly against the underside of the floor structure or other
structure of the electric vehicle. In some embodiments, the
plurality of fasteners 1s accessible from the underside of the
floor structure such that the battery assembly 1s removable
from the electric vehicle without accessing the passenger
compartment. This allows the installation and/or removal of
the battery assembly entirely from outside the electric
vehicle, without the need to remove floor mats, seats, and/or
any other interior components of the vehicle to gain access
to the fasteners. At block 1006, the at least one electric
system 1s electrically coupled to the at least one electric
connector. For example, the at least one electric connector
may be plugged into one or more electric ports of the electric
vehicle.

In some embodiments, the battery assembly may need to
be removed for replacement, charging, or other service. In
such embodiments, the at least one electric system may be
disconnected from the at least one electric connector. The
plurality of fasteners may be unfastened from outside of the
passenger compartment and the battery assembly may be
removed from the underside of the floor structure such that
the battery connector housing 1s pulled through the aperture.
At this point, a new battery assembly may be attached 1n a
manner similar to process 1000. This allows the battery
assemblies to be quickly and easily swapped, thus enabling
a feasible technique for immediately recharging the electric
vehicle, such as for long trips.

It should be noted that the systems and devices discussed
above are intended merely to be examples. It must be
stressed that various embodiments may omit, substitute, or
add various procedures or components as appropriate. Also,
features described with respect to certain embodiments may
be combined 1n various other embodiments. Diflerent
aspects and elements of the embodiments may be combined
in a similar manner. Also, 1t should be emphasized that
technology evolves and, thus, many of the clements are
examples and should not be interpreted to limit the scope of
the 1vention.

Specific details are given in the description to provide a
thorough understanding of the embodiments. However, 1t
will be understood by one of ordinary skill in the art that the
embodiments may be practiced without these specific
details. For example, well-known structures and techniques
have been shown without unnecessary detail i order to
avoid obscuring the embodiments. This description provides
example embodiments only, and 1s not intended to limit the
scope, applicability, or configuration of the invention.
Rather, the preceding description of the embodiments will
provide those skilled 1n the art with an enabling description
for implementing embodiments of the invention. Various
changes may be made in the function and arrangement of
clements without departing from the spirit and scope of the
invention.
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Having described several embodiments, 1t will be recog-
nized by those of skill 1n the art that various modifications,
alternative constructions, and equivalents may be used with-
out departing from the spirit of the invention. For example,
the above elements may merely be a component of a larger
system, wherein other rules may take precedence over or
otherwise modily the application of the invention. Also, a
number of steps may be undertaken before, during, or after
the above elements are considered. Accordingly, the above
description should not be taken as limiting the scope of the
invention.

Also, the words “comprise”, “comprising”, “contains”,
“containing”’, “include”, “including”, and “includes”, when
used 1n this specification and in the following claims, are
intended to specily the presence of stated features, integers,
components, or steps, but they do not preclude the presence
or addition of one or more other features, itegers, compo-

nents, steps, acts, or groups.

What 1s claimed 1s:

1. A power system for an electric vehicle, the power
system comprising:

a firewall positioned between an engine compartment and

a passenger compartment of the electric vehicle;

a floor structure of the electric vehicle coupled with the
firewall, the floor structure defining an aperture
between the firewall and a central support beam of the
floor structure;

a battery assembly configured to mount with an underside

of the floor structure, the battery comprising:

at least one battery; and

a battery connector housing, the battery connector
housing being configured to house at least one bat-
tery connector therein, the battery connector housing
defining at least one electric connector configured to
couple with at least one electric system of the electric
vehicle, the battery connector housing being config-
ured to be inserted within the aperture of the floor
structure such that at least a portion of the battery
connector housing extends above the tloor structure;
and

a ngid tunnel coupled with the firewall, the floor
structure, and the central support beam, the ngid
tunnel being configured to cover the portion of the
battery connector housing that extends above the
floor structure such that the passenger compartment
1s sealed from the battery connector housing.

2. The power system for an electric vehicle of claim 1,
wherein:

the rigid tunnel has a profile that generally matches a

profile of the battery connector housing.

3. The power system for an electric vehicle of claim 1,
wherein:

the rigid tunnel comprises one or both of an acoustic

insulation and a thermal 1nsulation.

4. The power system for an electric vehicle of claim 1,
wherein:

the rigid tunnel 1s further configured to transfer force from

a front impact from the firewall to the central support
beam.

5. The power system for an electric vehicle of claim 1,
wherein:

the battery assembly 1s secured to the underside of the

floor structures using fasteners accessible from the
underside of the floor structure such that the battery
assembly 1s removable from the electric vehicle with-
out accessing the passenger compartment.
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6. The power system for an electric vehicle of claim 1,
wherein:
the rigid tunnel extends between the firewall and the
central support beam.
7. The power system for an electric vehicle of claim 1,
wherein:

the floor structure comprises a sealing element protruding
upward and contacting a portion of the rigid tunnel
between the battery connector housing and the central
support beam, the sealing element having a shape
corresponding to the rigid tunnel.

8. A power system for an electric vehicle, the power

system comprising:

a floor structure of the electric vehicle defining an aper-
ture within a passenger compartment of the electric
vehicle:

a battery assembly configured to mount with an underside
of the floor structure, wherein the battery assembly 1s
mountable and removable from an underside of the
floor structure without accessing the passenger com-
partment, the battery assembly comprising:
at least one battery; and
a battery connector housing, the battery connector

housing being configured to house at least one bat-
tery connector therein, the battery connector housing,
defining at least one electric connector configured to
couple with at least one electric system of the electric
vehicle, the battery connector housing being config-
ured to be inserted within the aperture of the floor
structure such that at least a portion of the battery
connector housing extends above the floor structure;
and

a rigid tunnel coupled with the floor structure that 1s
configured to seal the portion of the battery connector
housing that extends above the floor structure from the
passenger compartment.

9. The power system for an electric vehicle of claim 8,

wherein:

the battery comprises a plurality of battery units arranged
in two tiers.

10. The power system for an electric vehicle of claim 8,

wherein:

the rnigid tunnel comprises carbon fiber.

11. The power system for an electric vehicle of claim 8,

wherein:

the rigid tunnel comprises one or more of a fire resistant
material or an acid resistant material.

12. The power system for an electric vehicle of claim 8,

wherein:

the ngid tunnel comprises one or both of an acoustic
insulation and a thermal 1nsulation.

13. The power system for an electric vehicle of claim 8,

wherein:

the battery assembly 1s mounted to the underside of the
floor structures using a plurality of fasteners accessible
from the underside of the floor structure.

14. A method of installing a battery assembly in an

clectric vehicle, the method comprising:

positioning a battery assembly against an underside of a
floor structure such that a battery connector housing is
inserted within and extends through an aperture defined
by the floor structure, the battery connector housing
being sealed from a passenger compartment of the
clectric vehicle by a rigid tunnel, wherein:
the battery connector housing extends from an upper

surface of a battery of the battery assembly;
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the battery connector housing defines at least one
clectric connector configured to couple with at least
one electric system of the electric vehicle; and
the battery assembly extends along at least a portion of
an underside of the electric vehicle;
fastening the battery assembly to the underside of the
floor structure using a plurality of fasteners; and
clectrically coupling the at least one electric system to the
at least one electric connector.
15. The method of installing a battery assembly in an
clectric vehicle of claim 14, further comprising:
disconnecting the at least one electric system from the at
least one electric connector;
unfastening the plurality of fasteners from outside of the
passenger compartment; and
removing the battery assembly from the underside of the
floor structure such that the battery connector housing
1s pulled through the aperture.
16. The method of installing a battery assembly 1n an
electric vehicle of claim 14, wherein:
the plurality of fasteners are accessible from the underside

of the floor structure such that the battery assembly 1s
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removable from the electric vehicle without accessing
the passenger compartment.

17. The method of installing a battery assembly 1n an
electric vehicle of claim 14, wherein:

the aperture 1s positioned between a firewall and a central
support beam of the electric vehicle.

18. The method of installing a battery assembly 1n an
electric vehicle of claim 17, wherein:

the firewall 1s positioned between an engine compartment
and the passenger compartment of the electric vehicle.

19. The method of installing a battery assembly 1n an
electric vehicle of claim 17, wherein:

the rigid tunnel extends between the firewall and the
central support beam.

20. The method of installing a battery assembly 1in an
electric vehicle of claim 14, wherein:

the rigid tunnel comprises one or more of a fire resistant
material, an acid resistant material, an acoustic insula-
tor, and a thermal 1nsulator.

G s x ex e
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